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1, A frequency of D125C v a l u e s  f o r  t h e  103 sporeforming i s o l a t e s  from Mariner- 
Mars '69 was r epor t ed  l as t  q u a r t e r .  These i s o l a t e s  are  i n  t h e  process  of 
being i d e n t i f i e d  t o  s p e c i e s  i n  o r d e r  t o  determine any p o s s i b l e  c o r r e l a t i o n  
between spore type and d r y  h e a t  r e s i s t a n c e .  
A s  noted i n  p a s t  r e p o r t s ,  s u r v i v o r  curves  of both n a t u r a l l y  occur r ing  (mixed) 
and subcul tured (pure) b a c t e r i a l  spo re  popu la t ions  exposed t o  125 C d r y  h e a t  
can be nonlogari thmic.  I n  a d d i t i o n ,  i t  h a s  been shown t h a t  s u r v i v o r  cu rves ,  
and t h e r e f o r e  D v a l u e s ,  of subcu l tu red  spore  popu la t ions  may be a l t e r e d  
a p p r e c i a b l y  by c u l t u r a l  c o n d i t i o n s  such as  t h e  s p o r u l a t i o n  medium used and 
temperature  of i ncuba t ion .  Methods of d r y  h e a t  a p p l i c a t i o n ,  type of recovery 
medium and o t h e r  f a c t o r s  i n  t h e  a c t u a l  a s s a y  system a l s o  may c o n t r i b u t e  t o  
v a r i a t i o n s  i n  D va lues .  Other workers have noted t h e  e f f e c t s  of moisture  
c o n t e n t  of t he  spo res  being heated and of t h e  h e a t i n g  gases ,  and t h e  v e l o c i t y  
'of t h e  h e a t i n g  gases on D v a l u e s .  
Using two subcul tured spore popu la t ions ,  a comparison was made of s u r v i v o r  
cu rves  and D The p a r e n t  
c u l t u r e  was %??ate M-3-25 from t h e  J e t  P ropu l s ion  Labora to ry ' s  (JPL) spore 
a s s a y  of Mariner-Mars '69. Spore p r e p a r a t i o n  M-3-25 "J" was grown i n  SSM-10 
l i q u i d  medium (Report No. 25) a t  JPL, and p r e p a r a t i o n  M-3-25 "Prr was grown on 
TAM S p o r u l a t i o n  Agar (Report No. 26) a t  t h e  Phoenix L a b o r a t o r i e s .  The com- 
p a r a t i v e  d r y  h e a t  r e s i s t a n c e  o f  t h e  two spore  c rops  was determined by 
performing p l a t e  counts  (Report No. 24) and a l s o  by us ing  an  FN-MPN system 
(Report No. 26). 
v a l u e s  obtained by two d i f f e r e n t  a s s a y  methods. 
F igu re  1 shows t h e  s u r v i v o r  curves  and D125C v a l u e s  obtained when p l a t e  counts  
were performed. The M-3-25 "J" c rop  e x h i b i t e d  a "shoulder" (Report No. 25) 
u n t i l  t h e  2-hour i n t e r v a l ,  a t  which t i m e  t h e  d e a t h  r a t e  inc reased .  The 
M-3-25 "P" crop showed e s s e n t i a l l y  loga r i thmic  dea th .  With M-3-25 ''J" t h r e e  
d i f f e r e n t  D125C v a l u e s  could be obtained depending on which p o i n t s  were t aken  
i n t o  c o n s i d e r a t i o n .  Had t h e  t o t a l  h e a t i n g  t i m e  of t h e  experiment been on ly  
2 hours ,  a r e l a t i v e l y  h igh  D 
Ignor ing  t h e  "shoulder" a Dlkg:Cvalue could be obtained from a b e s t - f i t  l i n e  
of a l l  (67 minutes) s u r v i v o r  p o i n t s .  On t h e  o t h e r  hand, one could c o n s i d e r  
t h a t  t h e  l a t t e r  phase (D125C = 43 minutes) of t h e  curve was more v a l i d  f o r  
e x t r a p o l a t i o n s  below 10'. 
v a l u e  (133 minutes) would have been obtained.  
When t h e  FN-MPN a s s a y  system was employed, M-3-25 "J" and M-3-25 "P" y i e lded  
D125C v a l u e s  of 64 minutes and 58 minutes r e s p e c t i v e l y .  Heating i n t e r v a l s  
f o r  t h e  M-3-25 ':J" a s s a y  were c a l c u l a t e d  by e x t r a p o l a t i n g  t h a t  p a r t  of t h e  
s u r v i v o r  curve which had a D 1 2 5 ~  v a l u e  of 43 minutes t o  10 
E x t i n c t i o n  occurred between 6 h r .  20 min. and 7 h r .  o f  a c t u a l  h e a t i n g  a t  125 
C. Had t h e  D 1 2 5 ~  va lue  from t h e  b e s t - f i t  l i n e  i n c l u d i n g  t h e  "shoulder" been 
used f o r  such a n  e x t r a p o l a t i o n  (67 minutes) ,  t h e  c a l c u l a t e d  end p o i n t  would 
have been 7.4 h r .  
however, such an  e r r o r  would be magnified i n  a n o t h e r  i n s t a n c e  i f  t h e  shoulder  
remained and t h e  f a t t e r  phase e x h i b i t e d  a s t e e p e r  s lope .  These r e s u l t s  
emphasize t h e  importance o f  des ign ing  a t e s t  p l a n  which provides  a f o u r  t o  
f i v e  log r e d u c t i o n  i n  t h e  i n i t i a l  spo re  popu la t ion  when t h e  d r y  h e a t  resist- 
ance of a p a r t i c u l a r  spore c r o p  i s  determined. 
(6.1 h r ) .  
Obviously, t h e  e r r o r  h e r e  would have been r e l a t i v e l y  small; 
2 
Previous obse rva t ions  t h a t  t he  SSM-IO l i q u i d  
y i e l d s  spores  having g r e a t e r  h e a t  r e s i s t a n c e  
a g a r  have been confirmed. 
s p o r u l a t i o n  medium g e n e r a l l y  
than those  spo ru la t ed  on TAM 
2 .  T h e  Apollo 11 s p a c e c r a f t  was s t u d i e d  d u r i n g  f i n a l  assembly and t e s t i n g .  The 
l e v e l s  of mic rob ia l  contamination p r e s e n t  on t h e  Command Module (CSM-107), 
Instrument  Unit  (I.U.) , S a t u r n  S-4B s t a g e  (S-4B) ,  and t h e  Spacec ra f t  Lunar 
Module Adapter (SLA) a r e  presented i n  Table 1. The Command Module had h ighe r  
l e v e l s  of contamination than the  o t h e r  t h r e e  component p a r t s .  A marked r e -  
d u c t i o n  of a e r o b i c  and anae rob ic  mesophi l ic  microorganisms on the  Command 
Module was observed a t  t he  f i n a l  sampling pe r iod .  Although the l e v e l s  of 
a e r o b i c  mesophi l ic  microorganisms were lower on t h e  I . U . ,  S-4B and SLA(no 
organisms were d e t e c t e d  on 6/9/69) than on t h e  CSM-107, t h e  c o n c e n t r a t i o n  of 
b a c t e r i a l  spo res  on these  components was h i g h e r  t han  on the  CSM-107. 
Table 2 shows the  q u a n t i t a t i v e  da ta  f o r  t h e  i n t e r i o r  and e x t e r i o r  s u r f a c e s  o f  
t h e  a s c e n t  and descen t  s t a g e s  o f  t h e  Lunar Module 5 (LM-5). The l e v e l s  of 
mic rob ia l  contaminat ion on t h e  i n t e r i o r  s u r f a c e s  of t h e  LM-5 were one t o  two 
l o g s  h ighe r  p e r  square f o o t  t han  those  d e t e c t e d  on t h e  e x t e r i o r  s u r f a c e s  of 
t h e  a s c e n t  and descen t  s t a g e s .  The cont inuous purging of the e x t e r i o r  su r -  
f a c e s  wi th  l a r g e  volumes of f i l t e r e d  a i r  and t h e  presence of few personnel  
i n  these a r e a s  probably accounted f o r  t he  r e d u c t i o n  i n  t h e  l e v e l s  o f  e x t e r i o r  
contaminat ion.  This  phenomenon a l s o  was observed wi th  t h e  LM-3 (Report No. 
25) and LM-4 (Report No. 2 6 ) .  The e x t e r i o r  s u r f a c e s  of t h e  a s c e n t  ( M E )  and 
descen t  (LDE) s t a g e  of LM-5 showed a h i g h e r  percentage of spo res  and molds 
than  was d e t e c t e d  on t h e  i n t e r i o r  s u r f a c e s  of  t h e  a s c e n t  (MI) s t a g e  (Table 
3 ) .  These d a t a  ag ree  wi th  those obtained from previous Apollo s p a c e c r a f t .  
3.  A t o t a l  of 1,990 and 2,041 b a c t e r i a l  c o l o n i e s  were i s o l a t e d  and i d e n t i f i e d  
from the Apollo 10 and 11 s p a c e c r a f t ,  r e s p e c t i v e l y .  There were 42 d i f f e r e n t  
s p e c i e s  o r  groups i s o l a t e d  and i d e n t i f i e d  from both s p a c e c r a f t ;  6 were de- 
t e c t e d  only on Apollo 10  and 3 on ly  on t h e  Apollo ll s p a c e c r a f t .  Four 
d i f f e r e n t  c u l t u r e  media (Tryp t i case  Soy Agar, Blood Agar, MacConkey's Agar 
and Mycophil Agar) were employed i n  t h e s e  s t u d i e s .  Tables  4 and 5 show t h e  
types of a e r o b i c  mesophi l ic  microorganisms i s o l a t e d  from each s p a c e c r a f t  
u s ing  T r y p t i c a s e  Soy Agar. The numbers and types of microorganisms on com- 
ponents of Apollo 10 and 11 were remarkably s i m i l a r .  I n t e r e s t i n g l y  enough 
- B. s u b t i l i s  was n o t  i s o l a t e d  from e i t h e r  s p a c e c r a f t .  A comparison of t h e  
mic rob ia l  types i s o l a t e d  on TSA and Blood Agar c u l t u r e  p l a t e s  i s  shown i n  
Tables  6 and 7. Pre l imina ry  examination of t hese  d a t a  i n d i c a t e  t h a t  no 
d i s t i n c t  q u a l i t a t i v e  o r  q u a n t i t a t i v e  advantages were gained by the  use of 
Blood Agar. 
The v a s t  m a j o r i t y  of microorganisms d e t e c t e d  were those  considered t o  be 
indigenous t o  human h a i r ,  s k i n ,  and r e s p i r a t o r y  t r a c t  ( i . e . ,  Staphylococcus 
spp.,  Micrococcus spp., and t h e  Corynebacterium-Brevibacterium group) 
(Fig. 2 ) .  
3 
The occurrence or' microorganisms a s s o c i a t e d  wi th  s o i l  and d u s t  i n  t he  en- 
vironment ( B a c i l l u s  s p p . ,  molds, and Actinomycetes) was comparatively low 
(Table 8 ) .  These q u a l i t a t i v e  p r o f i l e s  were probably the r e s u l t  of a confined 
space being sub jec t ed  t o  a high personnel  d e n s i t y .  
A small  percentage (c_a_. 0.5%) of gram n e z a t i v e  microorganisms was i s o l a t e d .  
These microorganisms were recovered predominancly from TSA. Very few were 
recovered on MacConkey's Agar, which was t h e  s e l e c t i v e  medium employed. 
Generic i d e n t i f i c a t i o n  of molds i s o l a t e d  from Apollo 10 and 11 i s  shown i n  
Table 9. A t o t a l  of 1 6  genera were d e t e c t e d  on the fou r  c u l t u r e  media em- 
ployed. Ten genera were d e t e c t e d  on TSA, e leven on Mycophil, fou r  on Elood 
Agar, and t h r e e  on MacConkey's Agar. 
Mycophil Agar, and f o u r  on ly  on. TSA. 
F i v e  genera were i s o l a t e d  only on 
4.  I n  accordance wi th  a r e q u e s t  from t h e  P l a n e t a r y  Quarant ine O f f i c e ,  t h e  Eio- 
S a t e l l i t e  s p a c e c r a f t  (Primate Mission F l i g h t  D) was sampled f o r  mic rob ia l  
contamination. Table 10 shows t h e  r e s u l t s  ob ta ined .  Alchough a h igh  per- 
centage of spo res  (16%) was d e t e c t e d  a t  t h e  f i r s t  sampling, none were 
de t ec t ed  on the f i n a l  sampling pe r iods .  The types of microorganisms d e t e c t e d  
on t h e  B i o s a t e l l i t e  s p a c e c r a f t  a r e  shown i n  Table 11. A t o t a l  of 98 b a c t e r i a l  
co lon ie s  from the  f i n a l  s anp l ing  per iod were picked an2 subsequent ly  i d e n t i -  
f i e d .  The major group of microorganisms i s o l a t e d  (82%) were t h e  gram posi-  
t i v e  nonsporeforming rods  ( the  Corynebacterium-3revibacterium group) .  This  
q u a l i t a t i v e  p r o f i l e ,  which i s  mosi- unusual f o r  s p a c e c r a f t  i n  r e s i d e n c e  a t  
Cape Kennedy, was t h e  r e s u l t  of oce c u l t u r e  p l a t e  c o n t a i n i n g  a n  unusual ly  
h igh  number o f  gram p o s i t i v e  and gram n e g a t i v e  rods.  I f  the  d a t a  from t h i s  
sample were omi t t ed ,  t h e  p r o f i l e  would resemble those of o t h e r  s p a c e c r a f t  
s tud ied  i n  t h e  p a s t .  
5. , A l l  q u a n t i t a t i v e  and q u a l i t a t i v e  d a t a  obcained from t h e  Apollo 10 and 11 
missions were s t o r e d  on a CDC 3100 compcter a t  Cape Kennedy. Computer p r i n t -  
o u t s  were compiled and s e n t  t o  the  P l a n e t a r y  Quarant ine O f f i c e r .  Four 
computer programs have been r ece ived  from the  Sandia Corporat ion.  These i n -  
c lude ,  1) Q u a n t i t a t i v e  and T r e d i c t i o n  Data, 2) Q u a l i t a t i v e  Data,  3) Summary 
of Q u a l i t a t i v e  Data, and 4 )  Lunar Inventory Programs. A l l  programs have 
been checked f o r  c o m p a t i b i l i t y  w i th  t h e  o p e r a t i n g  systems and a r e  f u n c t i o n a l .  
The 2,041 b a c t e r i a l  c o l o n i e s  i s o l a t e d  and i d e n t i f i e d  from the  Apollo 11 
s p a c e c r a f t  were l y o p h i l i z e d  and s t o r e d  €or  f u t u r e  r e f e r e n c e .  
S t u d i e s  were continued on t h e  Apollo 1 2  s p a c e c r a f t ,  and r e s u l t s  w i l l  be 
r epor t ed  nex t  q u a r t e r .  
. 
TABLE 1. LEVELS OF MICROBIAL CONTAMINATION DETECTED ON THE APOLLO 11 
COMMAND MODULE (CSM-107), INSTRUMENT UNIT, SATURN S-4B, AND THE 
SPACECRAFT LUNAR MODULE ADAETER (SU). 
Microorganisms Per  Square Foot 
Area 
Aerobic Anaerobic Date .!.:Sampled 2 
Source Sampled (sq. in.) Aerobes Anaerobes spores epores 
Command Mo u l e  6-29-69 60 35,222 16,229 86 25 
7-15-69 60 7,524 3,096 230 36 
60 5,098 ' 605 2,146 132 
7-10-69 60 13,421 9,706 893 180 
7-12-69 60 4,212 922 900 17 3 
CSM-107 ' 7-10-69 60 39,276 29,131 61 202 
1 Instrument Unit  6-20-69 
S-4B1 6-2 9-69 60 13,709 4,c104 1,152 240 
7-10-69 40 9,706 3,492 2,966 648 
7-12-69 60 5,472 1,080 1,541 346 
SLAl 6- 2 9-69 60 0 0 0 0 
7-09-69 60 202 12 101 36 
7-12-69 60 48 . 60 95 36 
Samples were taken from the inter ior  surfaces of t h e  spacecraf t  located a t  
Launch Complex 39A. 
Swab-rinse technique, 
TABLE 2. LEVELS OF MICROBIAL CONTAMINATION DETECTED ON LUNAR MODULE 5 
(APOLLO 11) 
~~ - 
Microorganisms Per Square Foot 
Area 
4 Date Sampled' Aerobic Anaerobic 
Source Sampled (sq. in.) Aerobes Anaerobes spores spores 
Lunar Module 5 
Ascent Stage 
( In te r ior )  
Lunar Module 5 
Ascent Stage 
(Exterior) 




4-04- 6 g2 
5-12-6g3 
5- 26- 6g4 
6-18-6g4 
4 6 - 29- 6 g4 






4 6- 1 8 - 6 g4 
6 - 29 - 6 g4 
4 
7,- 0 9 - 6 9 
7!- 1 2 -6 9 




6-  18- 69; 
6- 29-6g4 
7-09-69 
























































































































1 2  
Swab-rinse techni.que 
Samples were taken while modules were located i n  the Manned Spacecraft  
Operations Building. 
\ 
3 Samples were taken while modules were. located i n  the  Vehicle Assembly 
Building. 
Samples were taken while modules were located a t  Launch Complex 39A. 
TABLE 3. COMPARATIVE LEVELS OF AEROBIC BACTERIAL SPORES AND MOLDS DETECTED 
ON SURFACES OF THE ASCENT AND DESCENT STAGES OF LUNAR MODULE 5. 
3 Area P e r c e n t  
Date Samp 1 ed Aerobic 
Source Samp 1 ed (sq. in.)  Bac ter ia l  Spores Mold 8 
Lunar Module 5 
Ascent Stage 
( In t e r io r  ) 
Lunar Module 5 
A seen t Stage 
(Exterior) 






























Samples were taken while the module was located a t  Launch Complex 39A. 
Swab-rinse technique. 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 6 .  A COMPARISON OF THE TYPES AND LEVELS OF AEROBIC MESOPHILIC MICRO- 
ORGANISMS DETECTED ON THE APOLLO 10 SPACECRAFT USING TRYPTICASE 
SOY AGAR AND BLOOD AGAR. 
TSA Blood Agar 
P e r c e n t  P e r c e n t  




Group I V  
Group V 
Group V I  






S t 1: e p t o  c o c c i -En t e r'o c o c c us Group 
St rep tococc i -Vir idans  Group 
















B a c i l l u s  spp. 
- B. b r e v i s  
ce reus  
c i r c u l a n s  
coa gu lans  
f i rmus 
l a  t e rosporus  
l e n t u s  
l i c h e n i  formis 
mega t e r  ium 
panto  t h e n t i c u s  
po 1 ymyxa 
p u l v i  f a c i e n s  
pumilus 
s p h a e r i c u s  
Corynebacterium-Brevibacterium Group 
Aerobacter  s p p .  
Alca l igenes  spp. 
Flavobacter ium spp. 
Ac tinomyce tes  
Yeasts  
Molds 
A t y p i c a l  micrococci  
No growth on s u b c u l t u r e  
4.8  


































5 .4  
7 . 1  
2.7 
5 .4  
5.8 
8 .9  
8 .5  
4.9 




0 .4  
0 . 4  
0 . 4  
0 .4  
0 .9  





1 7 . 4  
Number i s o l a t e d  1109 224 
TABLE 7. A COMPARISON OF THE TYPES Ah3 LEVELS OF AEROBIC MESOPHILIC MICRO- 
ORGANISMS DETECTED ON THE APOLLO 11 SPACECMFT USING TRYPTICASE 
SOY AGAR AND BLOOD AGAR. 
Blood Agar T SA 





Group I V  
Group V 








St rep tococc i -Vi r idans  Group 


























b r e v i s  
ce reus  
c i r c u l a n s  
c oa gulans 
f irmus 
1 en tus  
l i c h e n i f  ormis 
panto  t h e n t i c u s  
p o 1 ymyxa 
pumi l u s  
s phaer i c u s  
Corynebacterium-Brevibacterium Group 
Achromobacter spp. 
Alca l igenes  spp. 
Actinomycetes 
Yeasts 
Mo Id  s 
Atypica l  micrococci  
A t y p i c a l  b a c i l l i  
No  growth on s u b c u l t u r e  


























































TABLE 8 .  GENERAL TYPES OF MICROORGANISMS DETECTED ON THE APOLLO 10 AND 11 
SPACECRAFT USING TRYPTICASE SOY AGAR. 
S P A C E C R A F T  
Apollo PO Apol lo  11 
Type Number Percent Number Percent  
Indigenous t o  humans 1067 96.2: 1109 94.8 
Indigenous t o  dus t  and s o i l  42 3.8 6 1  5.2 
TABLE 9. GENERA OF MOLDS DETECTED ON APOLLO 10 AhQ APOLLO 11 IN RELATION 
TO RECOVERY N X D U .  
Genus 
N u m b e r  o f  I s o l a t e s  
Tryp t ica s e Blood MacConkey's My c o p h i 1 
Soy Agar Agar Agar Agar 
Helminthosporium 
A s pe 1: g i 11 us. 
P i t h omy c e s 
Curvularia 
A 1 ternar ia 
Spegazzinia 





























































0 -  
0 
35 
TABLE 10.  LEVELS OF MICROBIAL CONTAMINATION DETECTED ON THE BIOSATELLITE 
SPACECRAFT (PRIMATE MISSION FLIGHT D) . 
Microorgan i sms  P e r  S q u a r e  F o o t  
D a t e  Area Sampled A e r o b i c  Ana e r o b i  c 
Sampled (sq .  i n . )  A e r o b e s  Anae robes  Spores  S p o r e s  
6-17-69 48  4321 1545 692  209 
6-27-69 48 1440 62  0 0 
TABLE 11. TYPES OF MICROORGANISMS ISOLATED FROM THE BIOSATELLITE SPACECUFT 
(PRIMATE MISSION PLIGHT D). 
Microorganisms'' Numb e r Percent 
Micrococcus spp. 8 8 
Corynebacterium-Brevibacterium group 80 82 
Gram negative rods 8 8 
Actinomycetes 2 2 
Total 98 LOO 
fi 
Only those bacterial colonies isolated during the final sampling period 
on 6-27-69 were identified. 
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